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Lisboa, Portugal
alice.dourado@tecnico.ulisboa.pt

Abstract—Gamification is a technique has been applied in
education as a way to increase motivation for students to
perform coursework. In particular, the Multimedia Content
Production course at Instituto Superior Técnico was gamified
using a web application with scalability and usability issues.
We developed a new gamification solution which is configurable,
flexible and scalable, allowing it to be applied to courses other
than Multimedia Content Production (MCP). Additionally, we
implemented new features which allow users to directly interact
with the platform without having to produce code. Benchmark
tests addressing loading speed showed positive results for an
intermediate version of the platform. There were also user tests
which showed significant improvements over the old system in
terms of time to execute a set of relevant tasks and in perceived
usability. Finally, a case study comparing both versions showed
that the new solution is preferable to the old one.

Index Terms—Gamification, Motivation, Education, View, Web
Application

I. INTRODUCTION

Gamification is ”the use of game design elements in non-
game contexts” [1]. It can be applied in many different areas
[2] including education. When gamification is successful it can
make the process of acquiring knowledge more interesting to
students and motivate them to study [3], [4].

There is a gamified course at Instituto Superior Técnico
called MCP that has had success in engaging students. This
course has a webpage called SmartBoards, which displays a
leaderboard and students’ profile pages. However, the overall
system being used, called GameCourse, which consists of
many parts including Moodle and SmartBoards, has integra-
tion and scalability problems, and can be difficult to configure
and update. A good way to improve this situation would be
to have a configurable and scalable platform that could be
adapted to a multitude of courses and their respective needs.

The goal of this thesis is to create a scalable, flexible and
stable gamification solution for education to replace the
existent system of the MCP course. In this new system, the
gamification elements should be editable using the interface
instead of having to modify their information on text files.
Furthermore, the system should be scalable, allowing the
possibility of being used for multiple courses simultaneously.

To achieve this, we designed and implemented a new
solution. It was developed by extending the old gamification
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platform of the MCP course. Its database was completely
restructured, and it got the necessary improvements and added
functionalities. Additionally, some of the disparate parts of the
system were consolidated. In order to evaluate the solution, we
performed benchmark tests and user tests to compare the old
and new versions of the system in terms of load time, usability
and overall quality.

II. RELATED WORK

A. Gamification

A research reviewing gamification studies [2] aimed to
understand if gamification worked. They analysed studies of
various contexts, with the majority being education and results
results showed that the gamification experiences had mostly
positive effects. Students often feel unmotivated to perform
their schoolwork which can cause them to have poor results.
Applying gamification to education can be a good strategy
to add some appeal to their courses and keep the students
engaged in the learning process. Therefore, it can be an
effective tool to improve the learning process, however it must
be applied carefully to prevent possible negative effects to
the students’ education. It is important to first understand the
characteristics of students, then define the learning objectives,
followed by the creation of educational content and activities
for gamification, finally the game elements should be decided
and added [3], [5].

B. Multimedia Content Production

MCP is a gamified MSc course in Computer Engineering
at Instituto Superior Tecnico (IST). This course has been the
subject of studies analyzing the impact of gamification on
students’ behavior and identifying player types [4], [6]. The
students are graded with Experience Points (XP), they can
check their scores in a web application that has a leaderboard,
(Fig. 1) and profile pages with information about each student.
Additionally, there is a Moodle page where students can
submit work.

Barata et al. [6] conducted a study comparing the non-
gamified years of this course with the following gamified
years. They observed that with gamification, students were
more proactive, participative and motivated than in other non-
gamified courses. However, it became apparent that gamifica-
tion impacted different students in different ways. Using ma-
chine learning techniques we have identified different student
types [4], [7], based on XP accrual over time.



Fig. 1. Leaderboard of MCP’s students

This thesis has the goal of providing the gamification
software that will help the ongoing project GameCourse,
which aims to bridge the gap of researching gamification
effectiveness while adapting the experience to student’s needs
according to their behaviour.

III. GAMECOURSE AS IS

MCP uses the web application SmartBoards [8], which has
leaderboard and profile pages. However, while the student
front-end is working satisfactorily, the remaining parts of this
gamified experience are still done piecemeal, by a multitude of
disparate elements. Currently there is still a script that gathers
and processes data from multiple sources. This information is
then loaded into the SmartBoards system.

At the start of this project the gamification system of
the MCP course (Fig. 2) used the SmartBoards platform
programmed with PHP 5.6 and JavaScript, a Moodle website
(version 2.6), multiple PHP scripts and a Python script to
gather data from the Moodle logs, Google Sheets, some
configuration files, and the QR page. To update SmartBoards’
leaderboard, a faculty member must run the Python script,
which will update some configuration text files, and finally run
a PHP script that updates date in the platform. This system
has too many dispersed parts that lack cohesion and there is
a large quantity of hard-coded information in its files.

Fig. 2. The initial system architecture of GameCourse

SmartBoards [8] has leaderboard and profile pages which
are accessible to students and faculty. Additionally, there is a
back end for the faculty that has settings allowing them to con-
figure the platform. This system [8] uses a key-value database
with a file manager to split information into files. However,
this caused a major loading times due to the scattering of
data across multiple files. The pages can take a considerable
time to load because of the large quantity of files and the
fact that the system is running on Sigma, a cluster available
for the academic community of IST. Taking into account all

preliminary work, it is clear that there is no system or platform
to allow an easy and fast installation and configuration of a
gamified environment.

IV. DEVELOPMENT

The development of this project was mostly focused on
enhancing SmartBoards. Meanwhile, there was also some
assistance given with tasks related with Moodle and its
maintenance. Afterwards we started working on planing and
implementing a new database and expression language. For
this project, several parts of the GameCourse system were im-
proved, but the main focus was on the SmartBoards platform
which will be the base of future versions of GameCourse.

A. Preliminary Work

The first stage of the development consisted of improving
SmartBoards, while also making developments in other parts
of the system and assisting in the GameCourse project. This
new version was deployed in the middle of the second semester
of the 2018/2019 school year, while the MCP course was
taking place, and was regularly updated whenever new features
were made or students reported bugs.

A.1 Index of Learning Styles: For the GameCourse project,
it was necessary to know the Learning Styles of students
using the Index of Learning Styles (ILS)1. This instrument has
44 questions that classify a person in four dimensions, each
with two opposite categories. This questionnaire was available
online but we wanted to have results with every answer given
to each question, instead of just the final categories assigned to
the student. Therefore, the questionnaire was fully recreated
after some analysis of the original. We created a page with
the questionnaire which would then show the results with a
graphic similar to the original. The results were all stored in
a database and thus available to be analyzed. Afterwards, we
extracted all data with a script.

A.2 Extraction of Moodle data: Another dataset that was
required for the GameCourse project were logs with all
messages sent on the Moodle platform. To gather this data, we
created a script inside the Smartboards system, which shares
the same database as Moodle. This script was responsible
for going through data of each course and their forums,
and extracting it. All data was put into folders where each
individual post had its own JavaScript Object Notation (JSON)
file.

A.3 Updating Moodle: The Moodle website used for the
MCP course was in version 2.6, which is very outdated
and could have safety vulnerabilities. Thus, it needed to be
updated. We backed up all the data and updated Moodle on
a local copy of the website. This allowed us to figure out
the updating process which had to be done in a few separate
updates because there are versions that need obligatory updates
before going for a higher version. Thus, we started by updating
to version 2.7, then to 3.2.

MCP’s Moodle website is currently using version 3.2
because Sigma’s cluster, where it currently is hosted, does

1https://www.webtools.ncsu.edu/learningstyles/



not have the PHP requirements needed to update to newer
versions.

A.4 Database Optimization: The old system had a key-
value database which functioned in a way that resulted in a
considerably long time to load pages, thus, it needed to be
optimized. To represent all data of the new SmartBoards, we
designed an entity-relationship schema. Afterwards we created
a relational database using MySQL. A new class was created
which is responsible for all interactions with the database,
establishing the connection and sending queries using prepared
statements. All code that stored or retrieved information was
modified to use functions of this new class instead of the
previous data source.

A.5 QR page: In the previous system, the QR page was
one of the data sources for the Python script which collects
data for the system. The QR page was responsible for creating
QR codes, storing class participations of each student, and
displaying data of all the registered participations. These
functionalities were put into the new SmartBoards as a module,
which created a page for professors where they can create QR
codes and check the list of student participations, and of failed
attempts at registering participations. With this module in the
website, we can remove a part of the Python script and this
data can be directly added to the database when a student
registers their participation.

A.6 Google Authentication: SmartBoards only authentica-
tion method was Fenix. Users logged in using their IST
credentials, which is a method that works if all users are
registered on that domain. However, if we want this system
to be usable in other contexts, it is important to allow other
methods of authentication. The need for other forms of user
authentication also came up due to the need of access to the
SmartBoards platform to members of the GameCourse project
who were not from IST and needed a different way to access
the website.

Therefore we added Google authentication using the Google
API Client Library for PHP. Although the Fenix authentication
is still the default method, pre-approved users can log in with
Google by going to a specific URL which will authenticate
them.

A.7 Bug Fixes and Extra Features: While developing the
new SmartBoards, there were many smaller changes which
included bug fixes and new features that improved the system.
One of the first changes was the addition of a GIF to show that
a page is loading, which provides a better user experience than
the alternative of having a blank page. We also fixed a problem
that occurred in the old version, which happened when a user
left the website opened until the session expired, which led
the page to stop responding.

All Views had to be remade because the expression language
used in them was altered. The recreation of these Views gave
the opportunity to fix some bugs that appeared in them. The
star plot on profile pages had an incorrect parameter and a
bug that was impeding the process of adding and removing
parameters. There was also a bug on the chart that displayed
the evolution of the position on the leaderboard for each

user, which was showing inaccurate information for users on
multiple courses.

We also added a functionality to extract templates with
the press of a button (previously they had to be manually
extracted), so they can be used as pre-defined templates
provided by modules.

Next, the access to courses was restricted to users of those
courses and the system administrators, which means that
students can no longer see the pages of courses they are not
attending.

Furthermore, there were also some bugs on the View editing
page that were fixed. The most problematic one was that
whenever we went to the settings of a specific element of the
View, it would become impossible to delete and any attempt at
removing it would delete one of the other elements. Another
issue happened in the settings of an element, which is in an
overlay that can be closed by clicking on the close button
or anywhere outside the overlay. We noticed that it was also
closing if there was a mouseup outside the overlay. There was
also a problem with the square that exists in expression fields
which is green if the syntax of the expression is valid and red
otherwise. In some cases it would incorrectly displaying the
red square.

In terms of front-end, there were not any significant
changes, we just added padding on top of each element of
the View editing pages to allow space for their toolbars. This
replaced the previous padding that only appeared when the
mouse was over elements, which caused those elements to
jump around, making it difficult to press buttons. There was
also some additional padding added to elements in tables that
had partially occluded toolbars.

A.8 Configuration Pages: One of the objectives of this
project was to make the system configurable without the need
to alter text files and run scripts. However, this would require
the completion of the rule system that would replace the
Python script, responsible for gathering data from multiple
sources and updating text files. In spite of being supposed
to finish its development while the project of this thesis was
ongoing, it is not yet completed. Given that this system is not
yet finalized, the text files must still exist, but, even with this
restriction, it is possible to create configuration pages.

There are text files with information about students, faculty,
levels, badges and the skill tree, which is data that should
be editable in a more convenient way. Therefore, we created
configuration pages (Fig. ??) for each of these files. These
pages are responsible for updating information in the files and
in the database, since both of these should always have the
same data. For now, the editor is a simple textbox in which
data can be written in the same format as the text files. This
textbox comes pre-filled with contents of the respective text
file and it replaces all data of that particular configuration page
with whatever is written in the box.

With the addition of these functionalities, we could remove
part of the contents of the script responsible for updating
SmartBoards data. Now, the script no longer updates data that
has configuration pages, and thus it became slightly faster.



We also added the usernames of users to their text files which
means that the updateUsernames script is no longer necessary.

In the previous version of the system, there could be multi-
ple courses, but there could not be multiple active courses.
The problem was that when SmartBoards was updating, it
always looked for text files in the folder specified in the config
file, thus, to have two concurrent courses their administrators
would always need to change the configuration before running
the update script. This was fixed by giving separate folders to
each course.

B. Architecture

The original plan for this project would have GameCourse
an entity independent of external scriptse. However, this would
not be achievable because of the lack of a rule system to
replace the Python script. Therefore, the objectives shifted to
focus on restructuring SmartBoards so we can have the base
needed to reach the originally planned architecture. The cur-
rent version (Fig. 3) is an intermediate step between the initial
stage (Fig. 2) and the intended GameCourse. This is a version
that still relies on the Python script but one of the external
components (QR page) was moved inside SmartBoards, the
Moodle website was updated, the configuration files can be
altered by SmartBoards, and there is a relational database.

Fig. 3. Architecture of the current GameCourse system.

In order to achieve the objectives, SmartBoards’ database
was redesigned again. This system is versatile, allowing pro-
fessors to create and customize pages with the possibility of
defining Views for specific types of users. Another quality
of this version is scalability since now it is possible to
have multiple active courses at the same time. And there is
extensibility provided by the modules which can be enabled
by faculty and, if they want to add new functionalities, they
may create more modules for that purpose.

C. Users

In this system there are GameCourse Users who can log in
the system. If someone is just a GameCourse User they will
not have access to any course, unless they are administrators.
The other type of user is the Course User which is a Game-
Course User who is assigned to a course. These users can have
roles within that course.

Currently, the existing default roles within a course are
Student, Teacher, and Watcher. However, faculty members of
courses can configure the roles in the settings, where they

are able to create new roles, attribute them to users, change
their hierarchy and add sub-roles. Therefore, it is possible to
assign roles to students based on factors like their learning
styles. Afterwards, we can adapt pages to specific learning
styles using Views. Settings pages of courses are accessible to
administrators as well as Course Users with the Teacher role.
Roles have a hierarchy which is useful for cases where an user
has multiple roles which could affect what they see on a page,
so the system will choose their highest ranked matching role.

D. Modularity

An important part of SmartBoards are the modules which
are a way for users to extend the functionalities of the platform
by adding a few files without having to change the code on
the remaining parts of the system.

Modules are created by adding a folder with the name of
the new module within the modules folder. In this folder there
must exist a ”module.moduleName.php” file with the basic
module configuration, and it may include any other PHP, JS
or CSS files that may be useful. Afterwards, modules will be
recognized by the system and can be enabled in the Settings
of a course.

Modules can add many functionalities. They may be re-
sponsible for adding tables to the database, in which case
they will be added when the module is enabled in a course
and will be deleted if the module is disabled on all courses.
An important use of modules is to add vocabulary to the
expression language used in Views which will be explained in
detail in Section IV-6. The language is divided into libraries
with their own namespaces. A module may add functions
of the language to an already existing library or create new
ones. Modules can also be used to provide pre-defined View
templates, create pages, and add them to the navigation bar.
These functionalities can be manually configured in the system
but it could be helpful to have them appear automatically by
enabling a module.

There are pre-installed modules in the system which are:
Views, badges, skills, XP, charts, QR page, profile, and
leaderboard. For example, the badges and skills modules
provide tables, vocabulary, templates, and CSS code. Unlike
the previous versions, in this one, the XP of a student is not
a parameter of a course user because XP is a module that can
be disabled, thus, the value of the XP or level of students can
only be calculated if this module is enabled.

E. Views

Views are contents which are displayed to users in the
SmartBoards platform. A View is composed of other Views.
The most basic Views are images or text elements, these can
be inside tables or blocks, and together all these individual
Views can become more complex Views such as a leaderboard.
A View can be associated with Data which will provide
information from the database, and if it contains a set of data
it will cause the View to repeat itself for each element of the
set. It also has many other parameters that define its content
and look.



Another important feature of Views is their ability to show
different aspects depending on who is looking at them. This
allows a View with a version for Students and another for
Teachers, and it could even be used to differentiate Views
between different sub-roles of students assigned to them
according to information such as their learning styles. The
aspects of Views may be differentiated according to the roles
or IDs of users accessing the page and may also take into
account the role of the user associated with the View which
exists, for example, on the profile page. When a View is
rendered, the system will first check the roles of the user to
find the most compatible aspect of the View. If there aren’t
any matches it will show the default aspect

Views can be of the following types: text, image, block,
table, and templateRef. The Views can be edited in the
Settings. This works in a similar way to the old system
since there were no significant changes made to the front-
end because that was not the purpose of this thesis. The main
differences are in the expression used in the editing process,
on the look of the settings of individual parts of the View.

A View was multiple parameters that can be defined in the
editing process: Data: An expression that gets data to be used
in the View or its children. If the data is a collection, it will
be looped through and the View will be repeated for each
of its elements. The use of this parameter creates a variable
%item which can be used inside the View or its children to
refer to the current element of the collection. Variables: A
list of variables that are usable in the View and its children.
It is defined by writing its name and then the expression
that it represents. Content: An expression that represents the
contents of a text or image View. Visibility: Radio buttons
that define if the View should be visible, invisible, or only be
visible if a condition is true. Style: Field for CSS code which
will affect the style of View. Class: Name of an HTML class
for the element of the view. Label: A label to identify the
View. Events: List of events that can trigger actions.

The current version of the View configurations still has
many of the same fields as it did in the old system. However,
some of them change their names or placement, and the fields
are now all visible without the need to tick a box to enable
them.

The Data and the Variables were moved to the top of the
settings since these options create variables which may be used
in the remaining fields. We removed the sub-types and the
Angular Directive. Additionally, the functionality of the If and
Filter fields from the previous version, which did the same
thing, is now in the Visibility Condition. Finally, there was
a Sort field which is something is now performed with the
expression language.

F. Expression Language

SmartBoards has its own Expression Language, which is
used to personalize Views and interact with the database.
While the previous version had a language that directly
mapped its database, this new version was designed to be

uniform, versatile, extensible, and to function in a similar
manner to programming languages.

This language is structured with multiple libraries, each
with their own namespace, which provides their functions.
Some of them are always available because concern basic
concepts of the system such as users, courses and awards;
others may be provided by Modules. To call functions, first
we write the name of the library or an object provided by
that library, then a dot (.), followed by the function name.
There may also be arguments enclosed in parenthesis (()) and
separated by comma (,). Any expression written inside curly
brackets ({}) is an expression of the language to be parsed
and evaluated. Everything else is considered plain text. This
language has variables which are indicated with a percent
symbol (%) followed by its name, and to escape this symbol
we use %%.

An example of a basic expression would be ”Hello
{users.getUser(%viewer).name}!” which if the user viewing
the page was called John, would be evaluated as ”Hello
John!”. This expression started with plain text. The, inside
the curly brackets we called the function getUser from the
users library, which receives an user id as an argument and
returns a user object. The argument given was %viewer which
is a variable that is always available, representing the id of
the user who is logged in. Finally, we have .name which is
a function to be called on an user object which returns its
name. There are functions that return collections of values
such as users.getAllUsers which would typically be used in
the Data field. Most of these functions can be called without
arguments but they usually have optional parameters that can
specify conditions that the elements of the collection have to
meet.

Similar to many other languages, this one provides the
simple mathematics operators for addition +, subtraction -,
multiplication *, division / and mod %. It also provides logic
and bitwise operators, and && (bitwise &), or || (bitwise |),
negation ! (bitwise ∼) and bitwise xor ˆ.

As mentioned, each library provides their functions. How-
ever, there are some predefined functions that work on ob-
jects of any library, such as: count, crop(start,end), id, fil-
ter(key,value,operation), parent, and sort(order,keys). The user
has the freedom to obtain data and manipulate it how they
wish, using the available functions, with the possibility of
combining multiple functions.

F.1 Variables: Variables are represented with a percentage
symbol (%) followed by their name. SmartBoards has already
defined some built in variables: %course: id of the course
that the user is manipulating; %viewer: id of the user that is
currently logged in. %user: id of the user associated to the
View which is being displayed, on Views such as the Profile;
%item: if there is a Data, this represents the object that is
currently being iterated in that View; and %index: if there
is a Data, this represents the current index while iterating a
collection. Any number of Variables can be defined in the
configurations of a View.



F.2 Libraries: SmartBoards has several base libraries, each
one has its own namespace for its functions. Besides the built-
in libraries, there are also others provided by modules and it
is possible to add more vocabulary or libraries to the language
by editing or creating modules.

The following libraries are always available to the user
without requiring any install:actions, awards, courses, par-
ticipations, system, and users. There are also three libraries
provided by the pre-defined modules which can be enabled:
badges, skills, and xp.

F.3 Events: Events are system functions that trigger when-
ever the user interacts with a View. SmartBoards supports
several event types such as onclick and onmouseover, and each
View can respond to its events according to expressions written
by the user.

Events can be defined in the settings of a View ele-
ment by selecting an event from the drop-down menu and
writing the function of the action that it should trigger.
For example an event to go to the Profile Page would be
{actions.goToPage(”Profile”,%item)}, then whenever it was
triggered we would be redirected to the Profile of the user in
%item.

Events already existed in the old version, but only a few very
specific events actions were available. The leaderboard module
provided goToProfile() and badges provided another goToPro-
file() and showBadgeTooltip(). These functions received as
argument their own HTML element and it was necessary to
set the Angular Directive field to the one in the JavaScript
files where these functions were defined in order to use them.

Currently the we have a goToPage(name,[user]) functions
that allows going to any page, we also have three functions
related with toggling the visibility of a view given its label,
and functions to show pop-ups and tooltips. These functions
allow for the recreation of the actions available in the old
system, but now there are many more possibilities of what can
be done with them and there is no need to have a field called
Angular Directive in the View’s configurations. We can use the
goToPage function to go to the Profile pages or any other one.
The badge tooltip whose contents were previously defined in
the code of the showBadgeTooltip function, can now be created
as a template and used as a tooltip or pop-up as well as any
other template. Finally there was a functionality that relied
on JavaScript code on the badges module and specification
of Angular Directives, which was to hide and show certain
blocks in the badge list whenever the user clicked on a badge,
this is now done using the toggleView function.

G. Example

To better understand how the View configuration process
takes place, we are going to present a conceptual example.
We focus on three of their configuration elements: Data (top,
in the following diagrams), Variables (middle) and Content
(bottom). The top field has Data which will be iterated and
the current object will be in %item. After it, the content is
then rendered with the compiler evaluating each expression
between .

In Profile pages, there is a block with the latest awards. To
make this view we need a block View, inside of which we need
a table view which will repeat itself for each award and show
their image, description, and reward. The configurations of the
table row will have the Data which will have an expression
from the awards library that gets the last three awards. Then
in each of the elements of that row, we will have access to
the %item variable that will represent an award, and we can
use it in the expressions to the information we want.

Fig. 4. Latest Awards View.

H. Pages
This system has Pages which contain Views. In the old

version, pages could only be added and removed by enabling
and disabling modules, such as leaderboard, and to add other
pages we would have to create or edit a module. Now, while it
may still be possible to automatically add them with modules,
they can also be created in the Views Settings page by pressing
a button and writing the name of the new page. When a page
is created, it is automatically added to the navigation bar.

I. Templates
Templates are Views with names that can be used inside

other Views. In the old system templates could only be created
while editing Views by pressing the Save Template button on
the toolbar, or could be automatically added by modules, and
then they could be used in Views. There was no way to edit
or delete them, and they could only be used by copy. Now,
they can also be created from scratch in the Views Settings
page. It is also possible to export Templates and add them to
modules to be automatically added whenever the module is
enabled. Templates are created inside the context of a course.
However, they may be Globalized which allows them to be
used in other courses. These courses will be able to use a
copy of the Template, meaning that any alteration made to it
will not affect the original.

Templates can be used in two different ways: copy or
reference. By copy works in the same way as adding and type
of View element to the View being edited. When a Template
is added to the Page, the contents of the View of that Template
with the closest aspect to the one being edited will be copied to
the current View as a new element that appears inside it. Then
it can be edited just like any other content of that View. They
can also be used by reference, which will likewise result in the
contents of a View of that Template appearing on the View
being edited. However, the contents will be inside a block
with a slightly different look and any saved changes made to
its contents will affect the original Template. Consequently,
any alteration made to the original template will appear in
the template references. In Figure ?? we can observe a text
template being used with the two methods.



J. Discussion

This chapter presented the current state of the SmartBoards
system which is an in-between stage to GameCourse. It
already includes one of the previous external elements (QR
page), it has a relational database, and, while it still uses the
configuration text files, their information can be edited directly
in the platform. One of the major parts of the work developed
was improving over flaws that existed in the previous version
of the system. The other was developing important function-
alities that give more versatility to what faculty members are
able to do, using the platform without the need to alter code
of the system.

SmartBoards continues to have Modularity, by having mod-
ules that can be enabled and will bring extra functionalities
and vocabulary, but its not dependent on modules to perform
simple task such as creating a page, adding a page to the
navigation bar or use events. Pages can be created on the
Settings and will automatically be added to the navigation bar,
and events are all defined without depending on modules or
needing to specify other parameters while editing Views.

Let us take for example the creation of a page ”Extra Info”
and be able to go to that page by clicking on the user’s photo
on the profile. In the current version we could add a new page
in the settings page, and then edit the profile page so that click-
ing on the photo triggered actions.goToPage(”Extra Info”). In
the old SmartBoards, we would need to create a module that
would add that page, then we would add JavaScript code to the
profile module, adding an Angular Directive with a function
to go to the page, and then we would edit the profile page
in the platform, and in the photo add the Angular Directive
and the event we just created. [inline]Another example would
be if we wanted to have a ToolTip on the leaderboard which
showed the chart users’ XP evolution, instead of current look
where there is a small chart on each line of the board. For this
we could simply make a template with that chart and then in
the element which shows the XP we would add an event that
did {actions.showToolTip(”templateName”)} and we would
get the results shown in Figure 5.

Fig. 5. Leaderboard with a ToolTip showing a chart of XP Evolution.

We could also use the functionalities provided to create a
different View of the leaderboard for users of specific roles,
based on information such as learning styles of some other
type of profile, which would have just the nearest neighbours
in to the logged user instead of showing the full list. We would
add an aspect to the leaderboard for users of the desired role,

then would use get the list of users, but crop it so it only shows
some of the students. This would create a shorter leaderboard
that could be better for students who would get demotivated if
they had to scroll down to find themselves in the leaderboard.

Furthermore, the updated language is also a big advantage
of this version, since it is more intuitive and contains many
functions that help users to easily access data. For example,
if we have leaderboard that is using Data with users of the
course to list them all and we wanted to add their pictures,
right now we can simply write {%item.picture}, before
we would write photos/{users[%itemkey].username}.png,
which requires knowledge of the file system and the use of a
parameter (username) which can not be obtained directly from
the user in %item, making the expression more complex. A
significant quantity of expression became more simple, and
the more complex ones (such as the sort function) allow for
more flexibility than what was previously possible.

To sum up, the developments made in this project allowed
the system to have more versatility and flexibility by adding
important functionalities that were previously impossible or
required coding. The new database made Smartboards more
stable. The extensible of system is also a very important
quality, since it allows for the easy addition of new func-
tionalities, and the modules along with the new configuration
pages allow for a higher level of customization of courses. All
these functionalities in collaboration with the new expression
language made this system more user friendly, versatile and
one step closer to becoming the desired GameCourse system

V. EVALUATION

This sections shows the evaluations performed on Smart-
Boards, which included Benchmark Tests to assess the load
time of pages in the system, and user tests comparing the
developed system with the original.

A. Benchmark Tests

Benchmark tests were used to determine if the update from
the old version of SmartBoards to the one deployed in the
middle of the semester, which had the objective of increasing
page load speed, did indeed improve upon the problem it had
with considerably high load times. For these test we created a
leaderboard page with the exact same contents on all versions
and measured the time it took to load with a hard reload of
the page and by going from another page to the leaderboard.
For each case we made twenty measurements.

Afterwards, each of these samples was tested for normality
using the Shapiro–Wilk test. The samples from the old version
were the only ones with a normal distribution, therefore all
comparisons between versions were made using the Wilcoxon
signed-rank. In order to prove that the intermediate version
is faster, we compared its load times with the old version.
The test comparing hard reload times test concluded that
there were significant differences between the load time of
each version (p=0.000089<0.05). For the load times without
refreshing the page, the test also reveled significant differences



(p=0.000088<0.05). Therefore we can conclude that the in-
termediate version of the system had significant faster load
times than the old SmartBoards.

These results showed that this update improved the load
time of pages of the system. However, this is still the inter-
mediate version, and with the most recent developments the
speed has decreased again, reaching even higher load times,
due to higher complexity of Views and the need to calculate
values such as XP. Therefore, the current system still needs to
be optimized by creating caches of calculations made in the
View rendering process.

B. User Evaluation

We performed user tests comparing the initial system with
the one developed in this thesis.

B.1 Participants: User tests aimed to compare how well
users performed in the execution of tasks regarding the View
editing process. The functionalities tested were those which
could be done in both versions of the system, focusing mostly
on use of the expression language. There were a total of
20 participants (18 males and 2 females) from 21 to 56
years (mean=25, std=7.636), 85% of the test users were
programmers.

B.2 Procedure: Initially there was a pilot test which helped
to understand where users would have difficulties. Afterwards
there were improvements to the test procedure. Before testing
each system, users were given an explanation of its functionali-
ties and a sheet of paper with a summary of how the language
functions, containing a list of the most important functions
and examples. Since the front-end didn’t have significant
differences between versions, tasks were given with clear
indications of which elements they had to manipulate to
prevent users from wasting to much time in parts of the tasks
that were the same in both systems.

In each test, the user would perform the same eight tasks,
with a randomized order, on both systems. Everyone tested
both systems but half of them started with the new version
and the remaining with the old one, to decrease the learning
effect. Before starting they were given and explanation of how
the View editing works and they also had access to a sheet
with important information. Afterwards they were asked to
perform the following tasks:

1) Add a table, then edit its layout so it has a header row
and three columns. The names of columns should be
”Name”, ”Description” and ”Number of Levels”;

2) In a pre-made table, edit the settings of the table row to
make the table display all badges;

3) In a pre-made table with the data of all users and
columns for their information. Change the contents of
the element in the ”Name” column to make it display
the name of the user in that row;

4) Switch the element in the ”Photo” column to an image
and then edit it to make it display the photo of the user.

5) Add to the element in the ”Level” column the level of
the user;

6) Add to the element in the ”Level” column the name of
the level of the user;

7) Edit the element in the ”Ranking” column to display the
index of the users being looped through plus one;

8) Edit the row setting to change the order of the users
being listed, now they should be sorted by XP in
descending order.

Each task was timed and if they surpassed five minutes it
would be considered a failure. After all the tasks of a system
were finished, the users filled in a questionnaire with the
System Usability Scale (SUS) and the NASA Task Load Index
(NASA-TLX).

B.3 Results: The success rate of each task was calculated,
which provided some insights into what were the more trou-
bling tasks. While most tasks had a 90% to 100% success
rate, there were two with significantly lower results in the old
system. Both of these tasks required more complex expressions
in the old version.

The time to complete each task was measured. Afterwards,
we calculated the mean, median, standard deviation, and
confidence interval for each one. This information was then
used to create boxplots (Fig. 6 and 7), where we can clearly see
that the most difficult tasks to complete on the old system were
task four and six, and on the new version it was task eight.
Subsequently, we performed Shapiro–Wilk test on the times
of each of the tasks to check if they had a normal distribution
in order to know what comparative test to perform afterwards.
There was not any case where both samples we needed to
compare were normal. Thus, the test performed for all tasks
was the Wilcoxon signed-rank test.

Fig. 6. Boxplot of seconds to complete tasks in the old system.

We performed Wilcoxon signed-rank tests comparing the
times of each task on both systems. The null hypothesis was
that the median difference between the samples was zero.
Tasks one and seven retain the null hypothesis, while the
remaining tasks had statistically different results.The first is a
task that does not use any of the language, this is very similar
on both versions. The latter is fairly simple to accomplish on
both versions. Results displayed in Table I show that most
tasks where there was a statistically significant difference, had
faster execution time on the new system. However there were
two cases where the opposite happened.



Fig. 7. Boxplot of seconds to complete tasks in the new system.

TABLE I
RESULTS OF WILCOXON SIGNED-RANK TESTS.

Task Null Hypothesis Significance Fastest Task Times
1 Not Rejected 0.332>0.05 —
2 Rejected 0.007<0.05 New SmartBoards
3 Rejected 0.011<0.05 New SmartBoards
4 Rejected 0.003<0.05 New SmartBoards
5 Rejected 0.031<0.05 Old SmartBoards
6 Rejected 0.005<0.05 New SmartBoards
7 Not Rejected 0.083>0.05 —
8 Rejected 0.001<0.05 Old SmartBoards

The task with the worst results for the new
SmartBoards was task eight (ordering a table of users
by XP), where users had to write the expression
{users.getAllUsers.sort(”descending”,”xp.getXP(%item)”)}
which is quite complex, while in the old system they had
to select an option from a drop-down menu and write a
simple expression. The sorting is done with a function to
allow more flexibility, since this way the sorting can be
done at any moment and in conjunction with other functions.
However, this can result in bigger difficulty, so a possible
solution would be to have it both ways, keeping the function
but adding an easier way to sort. The other task with a
significantly higher time in the new system was task six. This
appears to be a result of having a larger expression in this
version.

Tasks four and six where the ones with the most significant
difference, with longer times in the old version. Besides the
discrepancy in the task execution times, they also had the low-
est success rate, 60% and 50% respectively. Task six required
users to write the expression to get the name of an user’s
level which in the old system was {moduleData.xp.levels[
{$int(%user.data.level)}].title}, while in the new one it was
{xp.getLevel(%item).description}. The problem in the old
version was that the expression was longer and more complex,
and if a detail was missing, they would get a confusing
fatal error message. Additionally, when they finally got the
correct expression the square in the expression field would
incorrectly say the expression was invalid. The other com-
plicated task was adding the users’ photos to the leader-
board. In the new platform this could be done by writing
{%item.picture}, while in the other it required the expression

photos/{users[%userkey].username}.png. Besides having a
longer expression, one of the reasons for the difficulty of
this task in the old system is that they already had access to
a variable with a course user object but still had to access
a user map. Seven users avoided this problem by using a
alternative solution that used ids instead of usernames, which
is not completely correct, since it would not work on all cases.
The other tasks that showed significant differences in favor of
the new system were number two and three, which both had a
simple solution on either system, but the results showed users
executed them better in the new version.

Users answered two questionnaires, SUS produces a score
from 0 to 100, with 100 being the best score. We used a
variant of the NASA-TLX called Raw TLX which includes
just the questions, without weighed scales. This results in a
value from 0 to 100, with 0 being the best score. The data
obtained from these questionnaires was then tested to check
if they were statistically different. We started by performing
a Shapiro-Will test which showed that all the samples came
from a normal distribution. Given that information, we then
performed a T-Student test for the data of each tool. On the
SUS data we got p=0.001<0.05, thus we can affirm that the
new system has statistically significant higher values than the
old system. The values from the NASA-TLX also showed a
significant difference, resulting in a better score by the new
system with p=0.018<0.05. These scores where not great
because the interface still has a large quantity of usability
problems. However both of them were significantly better in
the new version than in the old one.

B.4 Case Study: The previously mentioned user tests were
only able to evaluate features in common between the two
systems. However there are many other factors that should be
evaluated. Therefore, we had an user test as a case study, with
a participant who is an expert of usability and visualization,
and who previously taught MCP, so he clearly understand what
was the purpose of SmartBoards and could provide important
feedback.

This test had the same tasks, but without being timed and
using a think-aloud protocol. After the task there was an
additional demonstration of the remaining functionalities of
the systems which weren’t used in the tasks and the user was
asked to provide opinions on the flaws and features of each
system.

The common issues on both versions are with the front-end.
Buttons are too small and sometimes it can be confusing to
understand which ones to press. Another problem is that it is
unclear how to edit an element after adding it. Finally, the
settings overlay only has a close button which also saves it
instead of having a button for closing and another for saving.

The test user showed appreciation for the features of the
new system which did not exist previously, such as creating
and deleting pages, and the ability to edit and delete tem-
plates, because they allow users to perform important tasks
without the need to change the code of the platform. He also
recognized the bugs that were fixed. However, he though that
the two different ways to use templates seemed confusing,



and could become more clear if it was different in terms of
graphical user interface design.

He thought that the new expression language has structured
in a way that made more sense and it has easier to use, and
the events provided flexibility to do more actions. However,
he believes that the View editing and expression language
would only be used by advanced users, with the remaining
ones preferring to use pre-made templates.

There was also some feedback related to how some parts
could be improved. Whenever an expression field recognizes a
syntax error and indicates it by showing a red square it could
also specify exactly what is wrong with the expression. New
variables can be used from the moment an expression for them
is written, but this should have some kind feedback to show
the user that the variable has been defined.

The test user thought that this system could be used in other
courses, but it could take some work to customize. When
asked if he would use SmartBoards as a professor, he said
that if the course was gamified, he would prefer to use the
new SmartBoards platform.

B.5 Discussion: The user tests allowed us to know what
were the difficulties which users had when using the system,
and in which ways it was better or worse than the old version.
Overall, tests results show improvement on the usability of the
language, even though there were a couple tasks with longer
execution times in the new version. While there is still room
for improvement, this new language appears to have a better
structure and be easier to understand.

A major part of the developments made could not be tested
with these comparative tests, so the case study provided an
evaluation of the rest of the system. New features that give
users the ability to create and delete pages without having
to code, and the ability to edit and delete modules were
considered very useful. Furthermore, the events, which were
not tested in the other tests because they functioned too
differently, have a greater flexibility by allowing, for example,
to go to any page instead of only having a function to go
to profile. The system still has a lack of usability with its
interface, but the new language and features helped making it
more well-structured and versatile.

VI. CONCLUSION

For this thesis, we developed a scalable and flexible gam-
ification solution for higher learning courses to replace the
previous system being used on MCP. We are one step closer to
reaching the GameCourse system that includes all the disparate
parts of the system in a cohesive solution. One of the external
sources of data was moved to SmartBoards as the new QR
module, and the text files that were used by the Python script
and SmartBoards are now configurable directly in the platform
which facilitates the setting up process.

SmartBoards had major updates, including switching to a
relational database, implementing a new expression language,
and fixing many bugs. There were also new features added to
this platform. Pages and templates can now be created, deleted
and edited, and Views can use events to achieve many useful

functionalities. All these changes provide a greater degree of
versatility compared to the old system, since now there is
much more that can be achieved without having to add more
code. The tests performed showed significant improvements
over the old SmartBoards, but there is still a lot of room for
improvement.

Overall, this system in its current state provides a way to
gamify a course, allowing for customization of game elements
and Views. Students can have their own personalized learning
experience with gamification elements adapted to their learn-
ing styles, which may lead to a better gamification experience.
Professors can create any number of courses on SmartBoards,
and they may extend the system if they wish, by creating
new modules. This system is a huge step in Learning Systems
because it provides a scalable and flexible way to gamify
courses with the freedom to customize every single game
element, and the power to adapt the experience according
to each student’s needs. This will help keeping all students
engaged in the course and motivated to perform better.

This system has not yet reached its final stage, which would
be a system that is independent of external scripts. In order
to reach that stage we will need a rule system to process
course data and replace the Python script. There should also be
automatization of the updating process and the platform should
be able to integrate with other platforms and authentication
methods besides Moodle and Google. The system should also
have a caching system to improve the load times. Another
important part that is still lacking is the front-end. It has many
flaws which have been discussed in the evaluation and we
should have something more user friendly.

Finally with the feature of having multiple aspects for a
View, we can now proceed with studying how gamification
impacts different types of students and develop alternative
Views for subsets of students in order to provide a positive
pedagogical impact.
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